A no-pair formalism employing external-field projection operators correct to second order in the potential is used to calculate the 1s energies of one-electron atoms and ground-state properties of the bromine and silver atoms in the framework of the multireference double-excitation configurationinteraction (MRD-CI) method. It is found that the relativistic two-component method that has been used reproduces the one-particle energies of the Dirac equation to order (Za)'. The operator is bounded from below and can be used variationally in relativistic electron-structure calculations of many-electron atoms and molecules. The relativistic correction to the total energy recovers 97% of the relativistic correction of the Dirac-Hartree-Fock (DHF) result in the case of the bromine atom and more than 99%%uo in the case of the silver atom. The relativistic correction of the ionization potential of silver has been calculated to be 0.47 eV at the CI level, in good agreement with DHF results, the correlation contribution in the relativistic case being 0.42 eV. The remaining discrepancy of the absolute value of 6.85 eV (DHF 6.34 eV) to experiment (7.57 eV) is attributed to basis-set deficiencies. The corresponding CI value of the electron affinity (relativistic CI value 1.05 eV, nonrelativistic 0.90 eV) is in much better agreement with experiment (1.30 eV). It is found that correlation contribution and relativistic effects are nonadditive.
I. INTRODUCTION It has recently been proposed to employ the operators of the no-pair equation with free particle projection operators' 3 for practical calculations of the electronic structure of atoms and molecules in order to enable a calculation of relativistic effects in the framework of a theory which enjoys the advantage of being derived from first principles and yet can be efficiently used in connection with existing computer programs for treating multiparticle interactions by virtue of a formulation in terms of two-component wave functions in configuration space, thus decoupling electron and positron degrees of freedom.
First calculations on one-and two-electron systems as well as self-consistent field (SCF) and configurationinteraction (CI) calculations on a multielectron atom yielded encouraging results, although a careful analysis4
shows that the binding energy of one-electron atoms as obtained from the no-pair equation with free-particle projection operators is in disagreement with Dirac equation
results by a term of order (Za) .
This discrepancy in turn leads to an overestimation of the relativistic correction to the total energy of about 20% in the case of the bromine atom or about 0.2% of the total energy itself, compared with Dirac-Hartree-Fock (DHF) calculations.
These results seem to be quite acceptable, especially since the value of the total energy is only of secondary importance when considering excitations in the valence shells in an ab initio calculation of the electronic spectrum of the system under investigation.
Earlier theoretical work3 suggested, however, that a Pock-space basis suited to the physical situation should be more appropriate and it has been shown that at least for DHF calculations a basis of Hartree-Fock quasiparticles for constructing the projection operators satisfies a variationally determined optimum criterion.
s An obvious generalization of this result for a correlated wave function would suggest the use of natural one-particle wave functions, i.e. , the eigenfunctions of the one-particle density matrix that correspond to postive energies. This could be accomplished by a procedure that uses approximate projectors, whereby the process of obtaining new projectors from diagonalizing the one-particle density matrix and constructing a new density matrix from a correlated wave function should be iterated until self-consistency is attained. At the present time, however, such a procedure is far too complicated and a simpler method should be sought for. In this paper we report practical calculations with a no-pair formalism employing projection operators corresponding to a particle in the external field of the nucleus.
These projectors correspond more closely to the physical situation in a multielectron atom than the free-particle projectors employed R;rr; A,", (-i) o'; A,", (i)R-;]A;, (2.3) m+E; (2.12) 
